Universities have increasingly been facing a focus on competition for research resources, not the least for external funding. This paper studies structural characteristics of the Swedish university sector and these characteristics relation to the propensity of universities to attract external research funding. The findings show a clear polarization of the sector into 'Larger research and teaching intensive' universities, accessing the lion's share of external research funding, and 'Smaller education dependent' higher education institutions. Following from this, the paper discusses specialization and division of labor among universities, in relation to the ability to gain critical mass and excellence in research.
Introduction
European universities are facing major transitions, including increasing numbers of students, decreasing research funding per faculty and new types of commitments to society (Lawton Smith, 2006; McKelvey & Holmén, forthcoming, 2008) . A number of societal debates are on-going, such as how universities can obtain external research funding and why some are relatively more successful at it than others. Due to major changes in public policy in the past twenty years and high quality micro-level data, Sweden provides an interesting case of transition, new entrants and dynamic competition within the university sector. This paper provides empirical data about polarization within Sweden, as well as tentative explanations of which structural characteristics of individual universities help explain their positioning and access to resources for research. The 'university sector' is here defined as the total population and constituent elements of organizations providing both research and higher education within an economy. This population of higher education institutes (HEIs) include university colleges, institutes of technology and universities.
Like much of Europe, Swedish universities are moving from being state-regulated institutions providing a public good towards a more Anglo-Saxon model, where universities more explicitly compete for resources. In contrast to the USA, where such tendencies have been visible for many years, European countries have only during the last decades begun to introduce more competitive mechanisms for resource allocation, within the university sector (Geuna 2001 , Vincent-Lacrin, 2006 ). Literature about Europe shows a diversity of the overall European university population, in regards to certain character-istics, which enhance polarization into winners and losers in this new competitive regime (Geuna, 1998; Geuna, 1999) .
Our paper can be put in context of the changing national institutions for education, research and growth. Major changes in Swedish research policy during the 1970s, then again in the 1990s, led to the starting-up of new colleges and universities, explicitly designed to stimulate regional economic growth and teaching, as well as to become new research centres (Sörlin & Törnqvist, 2000; Schilling, 2005) . More recently, national debates and public policy initiatives have turned attention to the importance of critical mass and quality in research as well as how to design the external research funding system to become more competitive (Brändström, 2007) . There are no existing studies asking whether colleges and universities with specific characteristics tend to receive above average research funding from councils, foundations and firms.
This paper contributes to these debates, firstly by describing structural characteristics, such as size and 'R&D intensity', of the population of Swedish universities and colleges and secondly by focusing on whether these affect the success of specific universities in obtaining external research grants. External research grants here include research money from research councils, foundations and the like as well as from companies located in Sweden and abroad. This paper thereby analyzes whether the relative success at obtaining external research funding can be related to specific structural characteristics, namely density of research personnel, research productivity as well as size and research intensity.
Our research questions arise, because the whole issue of whether structural characteristics of universities tend to influence the ability to obtain external funding becomes interesting when the individual organizations face a new, competitive regime. Hence, this study is exploratory, even if comprehensive in examining the total population of universities and colleges in Sweden.
The first research question is a descriptive one, intended to investigate the potential existence of a diverse Swedish university population and thereby to improve classifications.
1) What categories can be generated based on specific characteristics, which are useful to classify different universities? Where do specific Swedish universities as organizations position themselves?
Hence, the first research question is to categorize individual Swedish universities based on the identified characteristics, as well as to map the overall population of actors in the Swedish university sector.
The second research question is an analytical one, dealing with positive and negative effects of characteristics on obtaining external research resources.
2) What are the positive and negative impacts of structural characteristics, relative to external research funding?
Our study thus contributes to the emerging understanding of European universities, as found in Geuna (1998 Geuna ( , 1999 and in Bonaccorsi and Daraio (2007) . Section 2 provides an overview of relevant literature on European universities, and structural characteristics in university-industry relations. Section 3 presents the research design and methodology. Section 4 presents the descriptive results, which shows the polarization of the Swedish higher education sector in terms of structural characteristics, and Section 5 provides analysis in terms of whether the ability to attract external research funding is related to this polarization. Section 6 presents the conclusions and implications.
Theoretical Overview
Existing literature about the ability of universities to obtain research grants in general and to obtain industrial funding for research in particular have often focused on explanatory factors such as the quality of the research performed, the impact of informal networks and the 'Matthew effect' for individual researchers. 1 While some of this literature is reviewed below, this paper also brings in relevant literature for analysing the relative position and specialization of specific organizations, within the overall university sector.
European Context and Sweden
European universities are in many ways a regulated sector, tightly coupled to public policy objectives and government financing and therefore often dependent upon national governments. Within Europe, government funding is still the largest overall source of income for university-based research (Geuna, 2001; Vincent-Lancrin, 2006) .
European public policy has been modified in recent decades and increasingly stresses the usefulness of science to society and for competitiveness through innovation. At the end of the 20 th century, Europe began to move away from the post-World War II dominant paradigm, with its linear model of innovation, which stressed basic science as the main driver. This move has in some aspects been towards a model of applied research as a mechanism to create national wealth (e.g. Geuna, 2001; Lawton Smith, 2006) . This suggests that governments are moving from 'automatic' flows of financing for universities, towards competitive research funding and thereby universities have to compete more amongst themselves.
Moreover, a decrease in the relative share of government funding has taken place during the last few decades in the European countries, leading to an increase in the share of external funding (Geuna, 2001; Vincent-Lancrin, 2006) . 2 Hence, a transition in funding is underway, giving us cause to focus on external funding.
Despite the current focus on the economic impact of universities, we should remember that firms do not seem particularly keen on directly finance research activities at the universities. As Geuna (2001) points out, the proportion of university research that is financed by industry is low everywhere, usually less than 10 percent. OECD figures show that the average of industry funded higher education expenditure on R&D (HERD) in the EU-25 in 2001 was 6,7 percent. This is slightly higher than in USA the same year and substantially higher than in Japan (Dosi et al., 2006) . Data from Statistics Sweden show that Sweden is similar to the rest of Europe, with approximately six percent of the university research funding provided by Swedish and foreign firms in 2006 (Swedish National Agency for Higher Education's annual report 2007).
The population of organizations within the European university sector has been shown to be diverse. In his work on the topic, Geuna (1998 Geuna ( , 1999 points to a polarization of the sector, in regards to a number of (structural) characteristics, into two main clusters. On the one hand, there are the pre-WW II (research) universities, which generally are large organizations with high research productivity and research orientation. These universities attract the majority of the research resources. On the other hand, there are the post-WW II (education) universities, which are mostly small in size and low in research productivity and orientation
From this, we draw a first assumption: The Swedish university sector should display a polarization amongst HEIs in terms of size, R&D orientation, and R&D productivity, as well as the ability to attract (external) research funding, similar to the rest of Europe.
About one hundred years ago, Sweden already had the universities of Lund, Uppsala, Gothenburg and Stockholm, as well as one specialized in medical subject (Karolinska Institute), two specialized in engineering and technical subjects (Royal Institute of Technology and Chalmers University of Technology) and a private university specialized in business and economics (Stockholm School of Economics). Then, during the 1960s and 1970s, the first regional colleges were founded as filials of existing universities. The filials were placed in the next tier of cities such as Linköping, mainly for reasons of regional politics. The main task of these colleges were at that time considered to be to attract more of the 'reserve of talent' into higher education, in order to provide the regional industry with workers. Later on, many of these organizations expanded and also became independent. Additional university colleges have been started in the 1990s, to stimulate economic growth and diffuse higher education to other groups in society. 3 In the 1990s, Sweden underwent major changes in research policy. The underlying mechanisms include a recession, accompanied by a new belief in universities as driving economic growth. More recently, these public policy initiatives have led to debates about whether commercialization and academic entrepreneurship are effective, or not, within the Swedish context (Henrekson & Rosenberg, 2001; Granberg & Jacobsson, 2006) .
For this paper, one of the most interesting outcomes of the 1990 reform was that new regional organizations were started not only for education of undergraduates but also for research and training of PhD students. Since 1997, all universities and university colleges are given research funding from the government, which was not the case before. Another outcome was a shift in Swedish science policy towards competitive research funding, but also towards explicit initiatives to stimulate high quality research at these new university colleges. This more competitive environment and restructuring of public authorities were also facilitated by the introduction of new public research foundations. They were based on the so-called wager earners' funds and these research foundations were intended to stimulate strategic research and to enhance co-operation and interaction with industry (Schilling, 2005) . Although these reforms led to more HEIs conducting research, the overall Swedish public research funding was not enlarged, but rather spread out more thinly amongst more actors. Similar to the general trend in Europe, there has been a decrease in the relative share of government funding during the last few decades in Sweden (Heyman & Lundberg, 2002; Hällsten & Sandström, 2002) . This empirical fact, together with the mentioned policy changes, indicates that in Sweden, as in Europe, we can observe an increasing importance of external research funding and a more competitive environment regarding research funding. This has given rise to some public debates, such as the difficulties of conducting high-quality research in this 'boot-strapped' environment and the need for 'critical mass' and the necessary size of research groups in order to be able to conduct 'good research' (Benner & Sörlin, forthcoming 2008) .
Structural Characteristics Influencing University-Industry Interaction
The traditional rationale for government financing of universities, science and basic research are often attributed to an economic view of the contributions of research institutes to society (e.g. Bush, 1945) . In other words, universities have a particular role, because science and education have been seen as public goods. As such, the university provides public goods in terms especially of education, teaching and commercialization to deliver what are now called externalities, general-purpose technologies and knowledge spillovers. These benefits are seen to promote societal development, solve societal problems and stimulate economic growth. Universities are known to impact society more broadly. Studies have been made on the impact of university research and science on economic growth (e.g. Salter & Martin, 2001 ) and on the different mechanisms and channels for knowledge transfer, across different industries (e.g. Cohen et al., 2002) . Salter and Martin (2001) identify six major mechanisms for diffusion of university research to industry: increasing the stock of useful knowledge; educating skilled graduates; developing new scientific instrumentation/methodologies; shaping networks and stimulating social interaction; enhancing the capacity for scientific and technological problem-solving; and creating new firms. Similar lists can be found in many other references. Cohen et al. (2002) show that the key channels for university research to impact industry are publications, public conferences and meetings, consulting and informal information exchange.
However, recent debates have swung to stress that universities should more directly contribute to economic growth (Salter & Martin, 2001) . The literature has exploded on topics such as academic entrepreneurship, commercialization of research results and university-industry interaction. For example, Research Policy published 43 articles using one or more of the words 'academic entrepreneurship ', 'commercialization' and 'universityindustry' in abstract, title or/and keywords in 2000-2005 (authors' search) . The majority of these studies use patents, licenses and start-up companies as the empirical data, to demonstrate how universities influence society.
One topic of debate has been what quality of university research is required to stimulate university-industry interactions. Using biotechnology in the USA, Zucker & Darby (1996) put forth the 'star scientist' hypothesis. Based on data of scientists, they could show that prominent scientists were also prominent commercializers of science and thereby able to individually benefit from their human capital. Hence, one might expect that the researchers and fields with the most external research grants to also be most active in patenting, start-up companies and possibly, accessing research grants from companies.
The 'quality' of firm knowledge has been less prevalent in the debate, with the exception of 'absorptive capabilities' of firms (Cohen et al 2002) . Some papers have examined the importance of having high quality of science, from the perspective of firms and different industries. Mansfield (1995) surveyed industrial technology managers in the USA, finding that the university research perceived as most important was often directly related to the quality of the faculty in relevant departments and to the size of R&D expenditures in relevant fields. High-quality science thus seems to attract more industrial interaction with universities, so that again, we would expect that high levels of external funding for research (from any source) should be correlated with high measures of university-industry interaction. However, this does not mean that lower quality or lower prestige universities do not interact with firms. Mansfield (1995) also found that in several industries, the relationship between faculty rating and their contribution to industrial innovation was very weak. Hence, in some industries and research fields, many modestly ranked departments play as large a role as some of the most highly ranked departments. Similarly, in the UK, it was found that the research quality of the departments did not impact the probability to engage in various mechanisms to interact with firms. Departments in applied fields rated as low quality appeared to have a higher likelihood of engaging in a variety of mechanisms for transfer (D'Este & Patel, 2007) . One explanation could be that less prestigious departments may be more willing to focus on firms' immediate problems, rather than long term research (Mansfield & Lee, 1996) . If the latter is correct, then the researchers and universities should be able to substitute research grants for external company monies.
Other literature focuses upon firms, using a rich description of structural characteristics such as the size, age and R&D intensity of those firms, in order to help explain why these firms interact with universities. It appears that firm size is positively related to interactions (e.g. Beise & Stahl, 1999; Laursen & Salter, 2004) , but not to contract or collaborative research (e.g. Cohen et al., 2002; Santoro & Chakrabarti, 2002; Schartinger et al., 2002) . R&D intensity has been found to be positively related to interaction, in studies using different proxies such as R&D expenditures over sales and number of scientist in a firm, (e.g. Laursen & Salter 2004 ), but not be related to contract or joint research specifically (e.g. Mohnen & Hoareau, 2003) . Several studies have found that intensity and types of interactions differ between industries, where industries ranked as most prone to interact with universities include pharmaceuticals, semiconductors and other manufacturing industries (e.g. Cohen et al. 2002; Klevorick et al., 1995) . The age of firms is found in some studies to be related to interaction, but this is not as well researched and the results are somewhat inconclusive (Meyer-Krahmer & Schmoch, 1998; Schartinger et al., 2001; Laursen & Salter, 2004) .
Given that the industrial side is well researched, an interesting question for this paper is whether literature deals with structural characteristics of the individual universities and of populations of universities. To the extent they are studied, these usually refer more to the university support structure for handling patenting and spin-off activities.
There are nonetheless a few studies specifically concerned with structural characteristics of universities, when they interact with industry. Looking at department levels rather than disciplines in Austria, Schartinger et al. (2001) found that department size had a significantly positive impact on industry interaction. They also attempted to capture the effects of departments' R&D intensity on interaction, but they found no significant impact on interaction in general. Similarly to industry differences for firms, some research suggests that the intensity and type of interaction vary among research orientations and scientific fields (see e.g. Meyer-Krahmer & Schmoch, 1998; Schartinger et al., 2002) .
We propose to apply the structural characteristics found to influence firms' propensity to interact with academia also on universities engaging in such, and other external, relationships. We do so due to a perceived lack of such studies in the current literature. From this and the earlier discussion, we draw our second assumption: HEIs in Sweden that are larger, more R&D intensive and with a higher research productivity should display a higher propensity to obtain external research funding in general, and industry funding in particular, as well as a higher relative importance of such funding, relative to others.
Methodology and Data
In the following section, we present the method and data used for this study.
Data and Methods
The method used here is primarily descriptive, using quantitative data to explore the research questions identified above. Since the first descriptive question addresses the categorization of the university sector, the use of factor-or cluster-analysis could be appropriate. However, the range of data and number of observations is rather limited, mainly due to the small number of HEIs located in Sweden, and so we have concentrated on a descriptive analysis.
The data for the analysis is to a large extent drawn from a Swedish national database on universities (the NU-database: (http://www.hsv.se/statistik/statistikomhogskolan). The database is run by the Swedish National Agency for Higher Education, and uses data that the agency collects directly from all Swedish HEIs as well as from other sources on a yearly basis.
The database contains data on students, personnel, and finances. Information on personnel is retrieved from Statistics Sweden. They in turn collect the information from respective higher education institution for the short-term salary statistics. Financial data is collected by the Swedish National Agency for Higher Education (HSV) from respective HEI on a yearly basis. This can include figures from annual reports, and more detailed data on specific issues like different sources of funding. This data is obtained at the university level and cannot be broken down on different research subjects at the respective HEI. 4 This paper uses the averages over the period [2001] [2002] [2003] [2004] [2005] , for all the variables analyzed here, except for publications that use the average for [2001] [2002] [2003] [2004] . There are several reasons for this. Firstly, 2001 represents a break in the reporting of some of the data-series. The database goes back to the fiscal year 1993/1994, for some data of interest, such as the number of employees. However, the statistical sources were changed in 2001, making it hard to combine data from the recent years with data from before that. Secondly, some variables fluctuate wildly, for reasons that may have to do with reporting routines rather than representing actual changes in data. Hence, the average over the period is used as in particular the amount of grants and funding can vary considerably from year to year.
To complement and check data in the NU-database we have used many other sources of data, such as the web-sites and annual reports of respective HEI, to obtain data on e.g. the age of the institutions. Publications were gathered from the Science Citation Index (SCI) and the Social Science Citation Index (SSCI).
Variables and metrics
Based on the literature review and research questions, we have identified a series of variables as relevant to the analysis namely external research funding (of different types), size, research intensity, age, density of researchers and productivity (of science). For each, we have identified a metric where data can be gathered. Table 1 summarizes the variables and metrics, and includes details of the specific information gathered and the sources. Each variable and metric is discussed in turn below.
External research funding: We take a broad definition of external research funding, but only including funding for which universities and research groups have to compete. This excludes general university funds (i.e. block funding and similar) and internal funds. In the analysis, we compare different types of external funding to income generated from undergraduate (including Masters) education. Thereby, we can differentiate universities that access resources through research from those that access resources through education.
To make a more detailed analysis, external research funding is broken down into eight categories. Seven categories have been constructed for the Swedish situation in previous literature and the categories are thereby possible to extract from the database (Sandström, 1997; Hällsten & Sandström, 2002) . Earlier critic of the NU-database has suggested that it is difficult to differentiate between the grants and contract research obtained from Swedish and foreign firms (Hällsten & Sandström, 2002) . In response to this problem the two categories were merged into one category, representing industryfunded research. The categories for external research resources used are:
• Research councils (RC): the Swedish Research Council (Vetenskapsrådet)
• New foundations (NF): Comprising all public foundations, such as the Knowledge foundation (KK-stiftelsen) and the Foundation for Strategic Research (SSF).
• Foundations (F): Private or semi-public foundations, such as the Wallenberg foundation, The Bank of Sweden Tercentenary Foundation (Riksbankens Jubileumsfond) and the Swedish Cancer Society. University foundations are not included, since it is considered to be internal funds.
•
Government institutions & EU (G & EU):
Funding from the government through institutions such as VINNOVA, local authorities, county councils and EU.
• Industry (I): contract research and grants from Swedish and foreign firms.
• Contract research (non-industry) (CR): Contract research from all different financers, except from industry.
• Other external funding (O): grants from Swedish and foreign non-profit organizations, as well as "other" incomes.
The other data has to do with metrics applied to the structural characteristics of universities and HEIs:
University size may affect the resources available for R&D projects aside from dayto-day tasks and has been shown as important to explain R&D in firms. As an indicator for university size, we use number of research personnel, since employees is commonly used to denote firm size (e.g. Laursen & Salter, 2004; Cohen et al., 2002) as well as occasionally university size (Schartinger et al., 2001 ). In the Swedish database, personnel categories do not easily distinguish those employees who are researching from those who are only teaching. Moreover, in Sweden, PhD students are usually university employees, actually undertaking much of the research. Out of the personnel categories available in the NU database, this paper therefore includes Professors (Chair, Full), Senior Lecturers (e.g. Associate Professors), Research Assistants (e.g. post-docs, Junior Lecturers), other researching and teaching personnel and PhD students.
In studies of firms, R&D intensity is usually measured in terms of R&D expenditure over sales (e.g. Mohnen & Hoareau, 2003) . However, due to the nature of the university 'business' and some difficulties with this data in the NU-database, because of changed reporting during the studied period, a corresponding metric cannot be used directly. Instead, we propose that R&D intensity can be seen as research intensity or research orientation.
Our argument is based on the main businesses of the universities. Universities can be seen as having two main tasks, namely education and research (McKelvey and Holmén forthcoming 2008). Therefore it seems feasible to construct indicators that measure the relation between these two tasks, in order to capture research intensity. Geuna (1999) uses researchers per student as an indicator, the rationale being that the higher the indicator is the higher "the propensity of the institution to carry out research". Hence, the detailed level of data on personnel per research field may be used to classify the universities and the university colleges in terms of being more or less science-based. Thus, what is measured here is the intensity of research as compared to education, or in other words the level of research orientation. Rather than research personnel (which is a broad category), we focus on chair professors (full professors), as they can be claimed to play a central role in research activities. Since our analysis is descriptive in nature, we use students per professor, in order to get a more easily comparable indicator of research orientation.
Age is used here mainly as a complementary variable. It is not included in the NUdatabase but founding year was obtained from other sources. The age in the Swedish university sector is rather skewed, ranging from a couple of very old institutions to most being fairly young. Here, the variable is mostly useful in developing categories.
Density refers to high number of researchers within specific subjects, and can also be seen as an indicator of specialization. The density of research personnel in the different research subjects reveals to some extent the intensity of the research conducted at a particular university. Here we study the share of research subjects with more than a certain number of researchers active in them. This relates to the debates about "critical mass" and overall research intensity.
A common indicator of quality has been publications. A more cautious way to handle this indicator is to call it scientific productivity instead of quality, as has been done by Geuna (1999) . Rather than analyzing total publications (which would demonstrate overall research output), we want to analyze publications per researcher. First of all, we normalized publications per author. This means that a paper with e.g. three authors from the same HEI would be counted as one paper for that institution. Each author is assigned a percentage of the paper. Then the numbers were aggregate on the university level. We then averaged the normalized number of publications per HEI, by dividing by the total number of researchers at that HEI.
Descriptive Characteristics of the Swedish Universities
This section focuses on the relative position of individual organizations, and the total population, in the Swedish university sector, as defined in the first research question and the first assumption drawn from literature.
Overview of the Swedish University Sector
This paper uses the term 'university sector' broadly, yet there are differences amongst the HEIs. In Sweden, university status relates to the so-called 'right' to examine research students in all science areas; i.e. within Medicine, Natural sciences, Humanistic and Social sciences and Technical sciences. 5 University colleges on the other hand can only examine research student within scientific areas that they are specifically granted. As of 2007, the Swedish higher education sector consists in total of 14 universities and 22 state controlled university colleges. In addition, there are three private HEIs with the right to examine research students. 6 We are here interested in the HEIs performing research in a wider sense and therefore we do not study the colleges devoted to arts, pedagogic and the like. This leaves us with 30 Swedish HEIs.
Our first research question is related to which characteristics are useful to define categories, as well as to position specific HEIs within these classifications. First we analyze the population in terms of age (Year of establishment), number of undergraduate and Masters students (Students), number of chair or full professors (Prof.), number of PhD students (PhD), income from undergraduate education (Income education), total income and cost from research and research education (Income research and Research expenditure). The variables for education and research include all scientific, engineering, humanities and social science disciplines. 1970s and the 1990s. Table 2 indicates a clear size and age distribution, running the range from Lund University to Gotland college. Generally speaking, the oldest organizations are also the largest, as indicated in terms of incomes from research, research expenditures as well as number of professors, PhD students, and undergraduate students. Still, two of the HEIs started in the 1990s have grown larger than ones started in the 1970s, particularly MittUniversity and Malmö UC. These two lie close to two of the major metropolitan areas and population centres, located close to Stockholm-Uppsala respectively Malmö-Lund. However, the size-age distribution has three noticeable exceptions, especially in terms of undergraduate students. Two, namely Karolinska Institute (KI) and the Swedish University of Agricultural Sciences (SLU), have considerably fewer students than other organizations of their size. The third exception is Malmö UC, which has a rather high share of students relative to its research effort, as compared to other organizations similar on the other size variables.
Hence, this first overview of the university sector suggests that most Swedish HEIs can be divided into larger-older and smaller-.younger categories, as defined by number of variables. The variables for size cover a range from students to professors and income streams, and most of the organizations appear to fall within similar size categories for all such variables.
Relative Orientation Towards Education or Research
To go further with our classification, we explore variables to identify HEIs' relative orientation towards either education or research, defined in terms of relative efforts. To some extent, the age-size variable will be discussed below.
Note that orientation here simply refers to relative emphasis on one of the two activities at the organization, and it does not show their relative 'share of market' within Sweden as a whole. Figure 1 relates the overall size in terms of number of researchers, on the x-axis, to the research intensity related to education, in form of students per professor, on the Y-axis. 7 The different HEIs are in the figure labelled with the national so-called university code (see Table 9 in Appendix A). Figure 1 is striking, in that the data reveals two quite distinct groups of Swedish HEIs. The universities in the first group have a large number of researchers as well as high relative orientation towards research, in terms of students per professor. These ten institutions each have more than 1000 researchers. As can be seen in Table 6 in Appendix A, each also has more than 100 chair professors. Their overall low numbers of students per professor indicates an orientation less directly dependent on education and with more room for research. These HEIs all have university status and seven of them are the oldest 7 For actual numbers, see Table 6 in Appendix A.
in Sweden. 8 The remaining three of these ten universities were founded about 1970 and they represent the largest of the younger universities.
As noted in Tables 2 and 4 , however, these have large absolute numbers of students and educational financing, so they are combining research and teaching. The group will further on be referred to as the 'Larger (and older) Research and Teaching Intensive' universities. They are grouped along the x axis, and they are (from right to left on this axis): Lund University (LU), Uppsala University (UU), Göteborg University (GU), Stockholm University (SU), Karolinska Institute (KI), Royal Institute of Technology (KTH), Umeå University (UmU), Linköping University (LiU), the Swedish University of Agricultural Sciences (SLU), and Chalmers University of Technology (CTH).
Looking back, we can identify a few more detailed differences within this first group. One is that the age is generally, but not always, related to size. Chalmers is the exception here, in that it is relatively old compared to the population but it is also the smallest in this first group. The three younger universities in the group are all somewhat smaller than the older ones. Finally, of the three younger universities, one of them has almost the lowest student to professor ratio (SLU) whereas the other two have the highest student professor ratio in the group (Linköping U and Umeå U).
The second group has the inverse characteristics, differing on both dimensions from the first group. They have lower numbers of researchers, as well as many more students per professor. The group is composed of younger organizations, which are also smaller, as defined in terms of research. These are all regional HEIs, with the oldest founded in 1965 and the youngest being less than ten years old. As can be seen in both the figure and in the appendix table, most HEIs in this group have less than 300 researchers and less than 50 chair professors. These HEIs distinguish themselves not only by being smaller, but also by having significantly more students per professor than the universities in the first group. In fact, almost all of them have more than 200 students per professor, which is more than twice as much as in the first group. This group will be referred to as the 'Smaller (and younger) Education Dependent' HEIs. They are grouped along the y-axis of Figure one and they are (descending order on that axis): Kristianstad (HKr), Dalarna (Hda), Gotland (HG), Gävle (HiG), Skövde (HS), Borås (HB), Halmstad (HH), MittUniversity (MiU), Malmö (MaH), Kalmar (HK), Mälardalen (MdH), Jönköping (HJ), Växjö University (VxU), Karlstad University (KaU), Södertörn (SH), Örebro University (ÖU) and Blekinge (BTH).
One organization, within this second group, has been left out in Figure 1 , because it is an outlier when it comes to this specific characteristic. Väst UC (HV) is the second smallest HEI, even more specialized in education than the others, having a student per chair professor ratio that is extremely high (2301 students per professor).
One organization, Luleå UT, in some aspects lies close to the second group but also shares some characteristics of the first group. Luleå is considerably larger than the HEIs in the second group but also much smaller than most organizations in the first group. It also has a research orientation closer to those found in the first group. One interpretation is therefore that Luleå may be moving between the two groups.
One organization does not follow the general pattern. Stockholm School of Economic (HHS) has one of the lowest students per professor ratio, but it combines its specialization in research with a small size. Moreover, it is among the oldest universities in the country but also private. They have obviously evolved, or chosen, a combination of research and teaching which differs significantly from the other Swedish organizations.
Density in Research Subjects
To pursue the idea of research intensity further, our next step is to identify whether the organizations have different numbers of research subjects in which they are active as well as whether they have different density of professors and researchers across research subjects, self-declared to the government. 9 In many ways, the idea of 'density' can be related to the issue of 'critical mass', in other words do universities have many or few researchers and professors within each specific subject? Table 3 presents the Swedish HEIs according to the two groups, defined above, and according to size within that group. This table shows how many researchers and professors, respectively, are employed at each declared research subject within that organization. For example, Lund has more than one researcher in 63 of their research subjects, and more than 50 researchers in 23 of their research subjects.
The first column in Table 3 suggests the total number of research subjects, per organization. 10 A first reflection is that the regional universities and colleges are present in almost as many research subjects as the larger and older HEIs. Hence, if one only looks at the column with active (declared) research subjects, it appears that all Swedish HEIs are quite similar. No striking diversity between the two groups is visible in this regard.
However, looking across the other columns, a rather striking difference is shown. This difference in density across research subjects grows the more researchers and professors you set as the minimum, as can be seen moving from left to right in Table 3 .
The 'Larger Research and Teaching Intensive' universities have a high density across research subjects, such that they are represented in most research subjects by at least 20 researchers, and in many subjects also with at least 50 people. In contrast, the 'Smaller Education Dependent' HEIs have few research subjects represented by more than 20 people, and with few exception no subjects with more than 50. In fact, in most cases a large share of the research subjects in these HEIs are represented by less than five people. Hence, major differences between the first and second group also hold for this characteristic.
Interestingly, while a substantial share of research subjects in the universities in the first group have more than five professors, a surprisingly small share at the smaller regional institutions in the second group have even one. For example, Dalarna UC has 38 declared research subjects with at least one researcher, but only 7 subjects with at 9 The Swedish HEIs must report their own activities within different research subjects to the Swedish government, and this reporting may influence future funding. Thus, 'active' here refers to those research subjects that the specific HEI has reported.
10 The number of research subjects represented by one, or more, full-time equivalent researcher(s). This result about the density of researchers and professors, across declared research subject, is quite provocative in the Swedish context, given the declared public policy objective of developing research at the smaller, younger HEIs. Therefore, we decided to identify more systematic differences to distinguish organizations and groups. Looking across the Swedish university sector, we made a calculation of the absolute average of researcher per research subject. From this, ten researchers per subject was chosen as a reasonable benchmark to compare the density in research subjects in the different HEIs.
From this, Figure 2 plots, for each organization, the share of research subjects with more than ten researchers against the total number of researchers.
The figure confirms the usefulness of discussing 'Larger Research and Teaching Intensive' and 'Smaller Education Dependent' also for density of researchers across subjects. The ten universities identified as the first group previously have a significantly higher share of research subjects comprising more than ten researchers, than do those in the second group. More specifically, the organizations in the first group have ten or more researchers in more than half of their research subjects. The HEIs in the second group, on the other hand, have less than half of the research subjects comprising more than ten researchers, and in most cases substantially less. Table 8 in Appendix A provides more detailed information.
The outliers are interesting, and the same organizations are outliers here as well. Looking at Figure 2 , Stockholm SE lies rather close to the second group, although having a higher density relative to size. However, when studying Table 3 , one can see that the higher the number of researcher you set as the minimum, the more SSE aligns with the ones in the first group. This also holds true for the density of professors in general. Luleå UT also shares these characteristics with this first group, but not as pronounced as SSE.
Research Productivity
Finally, a structural characteristic often used in the literature is quality and research productivity. Hence, we wish to check whether the HEIs in the Swedish university sector also differ when it comes to research productivity. Figure 3 therefore places the research productivity, in terms of normalized publications per researcher, against size, in terms of total number of researchers. For more detail, look at Table 8 in Appendix A. Figure 3 further confirms that there are clear differences between the two groups previously identified, in that the data reveals a relationship between the size of research effort and research productivity. Plotting this relationship shows a clear tendency that researchers whom are active at organizations with large numbers of researchers on average also write more papers. In other words, they have a higher research productivity as measured in output per researcher.
Hence, for the 'Larger Research and Teaching Intensive' universities, the normalized publication rate is higher. They have all, with the exception of Stockholm U, more than 0,3 publications per researcher and year. For the 'Smaller Education Dependent' group, the publication rate is substantially lower. In fact, all the HEIs identified as belonging to the second group are all rather similar regarding publication rate, ranging between 0,15 for MittUniversity and 0,08 for as many as seven of the smaller institutions. Figure 3 demonstrates in other words a rather wide gap in publication rate between the first and the second group -that is, the larger universities have not only a higher research output but also higher research productivity.
For this variable as well, there are some nuances and outliers within the two groups and between the groups. Within the 'Larger Research and Teaching Intensive' group, Karolinska I has by far the largest publication rate in the first group, which may be expected since they specialize in medical research with many publication opportunities, while Stockholm U has the lowest in the group. Within the 'Smaller Education Dependent' group, the outlier is Örebro U, with substantially higher publication rate. With 0,27 publications per researcher, they are by far the most research productive in the second group, being not far from Stockholm U in the first group. Finally, as before, Stockholm SE differentiates itself, by having a high number of publications relative its size, and Luleå UT ends up in between the two groups.
Hence, this overview of descriptive statistics of the Swedish university sector clearly supports the idea of polarization, as outlined in the first assumption stated in Section 2.
External Research Funding
We now turn to the positive and negative impacts of structural characteristics in regards to external research funding.
An overview of the external research funding is presented in Table 4 , so that the total external research funding is displayed alongside income from undergraduate education, for the Swedish HEIs. The table also shows the external research funding per researcher, and the ratio between income from education and external research funding. The table is ordered according to the two groups identified above, and the total amount of external research funding received. Again, the results confirm the distinction between the two proposed groups, but now with regard to the ability to obtain external research funding. The ones that are attracting the largest amount of external research funding (>500 MSEK) are the ten 'Larger Research and Teaching Intensive' universities. The seven HEIs that attract the most external funding in this group are also the seven oldest in the sector. As can be calculated from the table, this one third of the Swedish HEIs receives on average 87 percent of the total external research funding and 60 percent of income from education. 11
Moreover, the smaller, regional, HEIs that previously were categorized as the 'Smaller Education Dependent' group attracted on average less than 200 million SEK each. Rather naturally, all of the institutions lacking the right to graduate research students, with the exception of Södertörn UC, are the ones attracting the least external research funding. 12 Studying external research funding relative to size, the pattern remains similar as before, with a couple of exceptions. Most of the HEIs in the second group have a substantially lower funding per researcher than those in the first group. However, due to the reasons discussed before, Södertörn has one of the highest ratios. MittUniversity has also a noticeably high funding per researcher, being higher than for the younger HEIs, Stockholm and Uppsala in the first group.
Looking at the ratio between income from undergraduate education and external research funding reveals a large difference. The ten universities identified earlier as receiving the most external research funding, together with Stockholm SE and Luleå, all have a rather low ratio, generally receiving not more than double the sum from education than from research. Interesting is for instance that Karolinska receives much more funding for research than for education, and to some extent this is also true for the two older technical universities, Stockholm SE and SLU.
RCA Analysis
In order to say something about the relative role of different sources of external research funding, we use a number that reveals the importance of a particular funding source for a university relative to the importance for the whole population (so-called RCA). 13 In Table 5 , the RCA for the HEIs of the seven categories of external funding and of the income from undergraduate education are displayed. The RCAs being more than one can be said to be funding sources that are more important to the specific organization than to the overall population of HEI here studied, i.e. a dependence above average. The table is ordered firstly according to the two groups identified, and secondly according to the absolute amount of external research funding received.
Looking at the universities categorized as the 'Larger Research and Teaching Intensive' group reveals that these are the HEIs with low relative dependence on education, in terms of income. Instead several of the external funding sources display high importance for all these universities. The HEIs categorized in the second group on the other hand all show a high reliance on income from education, while low or no reliance on most external funding sources. 14 These were identified earlier as being more oriented toward education, 12 Södertörn is an exception, however, because almost all of the money that they receive comes, as can be seen in Table 10 , from the category New foundations. This is because of the Foundation of Baltic and East European Studies (Östersjöstiftelsen) -a foundation more or less entirely focused on funding Södertörn, plus small sums to Uppsala University. For the period studied, this HEI has received approximately 130 million SEK on average every year from this foundation. Contrasting this sum to the rest of the income for the university makes it clear that this skews the total relation for this university, and thus also their relative position in this table.
13 Revealed Comparative Advantage 14 For some of these HEIs in the second group, one or two funding sources, limited mainly to New foundations and Contract research, in addition to education, seem to have some importance. However, which supports the RCA pattern. Only the universities in the 'Larger Research and Teaching Intensive' group, together with Stockholm SE and Luleå, which show a high dependence on Industry funding. Stockholm SE is close to the first category, showing low relative dependence on education and, for example, a very high dependence on industry funding. Luleå, previously seeming to be in the middle of the two categorizes, shows a low dependence on education. The only dependence Södertörn seems to have is on New foundations, which on the other hand is extremely high. This is due to their dependence on the Foundation of Baltic and East European Studies as a funding source, as explained before. 15 these cases can to a large extent be attributed to policy efforts, such as regional politics, manifesting itself in for example funding from certain foundations. For example, the Knowledge Foundation has as main objective to support the smaller regional HEIs, in order to stimulate university-industry interaction. It should be noted that MittUniversity show a somewhat high dependence on Government institutes & EU and not a very high reliance on income from education.
Discussion and Conclusion
This paper used existing literature about European universities and university-industry interactions, in order to identify specific structural characteristics to position individual HEIs within, and to analyze, the Swedish university sector. The starting point of the paper was to examine whether the data would support the assumption that the Swedish university population is highly diverse, or polarized, as for other European countries. The results showed that examining size (and age), density, research orientation and productivity of the HEIs in the Swedish university sector divides the population into two distinct categories as well as two reoccurring outliers. This paper was explorative, and did not test hypotheses, despite the comprehensive data.
Overall, our results support the idea of polarization in the Swedish university sector. They thereby resemble the findings by Geuna (1999) for other European countries. Size of research effort and age are important characteristics, even if we can also identify younger universities which have, or are currently trying, to move from the second to the first group. The positions in the polarization are dynamic and relative, not fixed, so that at least outliers in terms of structural characteristics of 'their' group may move between groups.
Polarization is visible in many of the variables for structural characteristics of this sector, which were developed based upon studies of universities and firms. The data shows that we can distinguish universities and university colleges on basis of how specialized they are in terms of education or research. The Swedish HEIs can be divided according to the degree of research intensity, in terms of relative orientation in research or education. The results show that the 'Larger Research and Teaching Intensive' universities overall have a substantially lower number of students per professor, than the regional smaller HEIs. This indicates that the former have more room to conduct research, in relation to teaching, and are therefore said to be more research oriented.
It should be noted that the larger research-oriented (and older) HEIs actually do the bulk of teaching in Sweden. Table 2 above shows that the universities in that group approximately educate 60 percent of all students, although being significantly fewer than the HEIs in the other group. Even so, the 'Smaller Education Dependent' HEIs receive a high percentage of their total funding from their smaller numbers of students. In this respect, Sweden lacks a clear division of labour between HEIs when it comes to the tasks of education and research.
The proposed polarization between the two groups is also clear in terms of research personnel and output measures. Generally, smaller universities and university colleges report quite a large number of research subjects relative to their size. In fact, by and large, the smaller HEIs comprising the second group report that they have an amount of research subjects equal to those in the first group. In other words, a quick glance at the Swedish universities would suggest a low degree of diversity. However, this diversity is not supported by the figures on actual numbers of researchers or by examining density of researchers across research subjects. The 'Larger Research and Teaching Intensive' universities have many researchers. Hence, they can concentrate employees -and thereby assumedly research activities -within a broader set of research subjects. They have more people and a higher density across subject. In contrast, the 'Smaller Education Dependent' HEIs do the opposite. They declare many subjects but do not have many researchers, and so they can be said to have a quite wide range of research subjects, but no depth. In a surprisingly high proportion of research subjects, the HEIs in the second group are represented by less than five people and no professors. The figures suggest that most of the research subjects in these HEIs are fairly empty, lacking to some extent a 'critical mass'.
Thus, maybe not surprisingly, only the largest universities are able to simultaneously uphold diversity, density and size. However, the four organizations which specialize in engineering, medicine or economics and management are able to combine a medium or even smaller size with high density within specific topics.. Hence, an alternative for the smaller, diversified universities might be to focus upon specializations, to gain critical mass. Future research could further explore whether, and what, trade-offs exist between specialization and diversity in terms of research, education, and the linkages between research and education. For example, business schools need a variety of subjects, in order to be accredited as educational providers, and yet to reach scientific excellence, they may have to choose between specialization and diversification. Similar arguments may be developed and applied to understand why the Swedish university sector includes both large, diversified universities as well as institutes dedicated to specific fields.
Furthermore, the figures do suggest that the organizations that are older, larger, and have a higher density of researchers per subject tend also to publish more papers per researcher, i.e. have a higher research productivity. These results further confirm our empirical picture of the polarization within the Swedish university sector. The causality is not specified, but given the much lower ratio of students to professors and greater number of external research funding, we can suggest that these researchers can spend time doing research, rather than teaching, and also support larger, stimulating environments to interact over research issues.
Our results also bring this idea of polarization into the specific issue of external research funding, obtained in competitive situations. The same structural characteristics seem to matter in this regard. These results support the clear differences amongst the two groups. The first group, 'Larger Research and Teaching Intensive', comprising the larger universities, is 'high-performing' in regards to obtaining competitive external research funding, both in absolute numbers and in relative importance as compared to income from education. The second group, consisting of the smaller HEIs, can be viewed as 'low-performing' in this regard. Also, our results point to that the larger HEIs with the most research funding and highest research productivity also attract more industry funding and have a higher relative reliance on this funding as compared to other sources of external research funding. In this regard, we do not find that the 'Smaller Education Dependent' HEIs change foci of research, in order to attract industrial funding, which would be the case following the suggestion that financially weaker HEIs rely more on funding from industry (e.g. Geuna, 1999) . This result is a bit surprising in the Swedish context. As noted in the literature review, Swedish policy has had explicit goals to stimulate regional economic growth and to allow regional HEIs to address the needs of local companies. Moreover, certain financiers such as some of the New Foundations are explicitly dedicated to developing research -and especially 'needs-driven', industrially relevant research -at these regional HEIs.
What can then the explanations behind this apparent polarization of the Swedish university sector be? On the overall European level, it has been suggested that the polarization to some extent stems from a reinforcement of the so-called Matthew effect (Merton 1968) . This may be due to the increased competitiveness regarding research funding (Geuna, 1999) . This is something that has previously been lifted forward in literature as an explanation of the diversity of the overall European population. The original formulation of the Matthew effect adhered to the reward system of science, and was largely an attempt to explain the disproportionate credit awarded already acknowledged researchers. Later on, Merton and his followers come to generalize it by proposing the existence of selfreinforcing processes, usually denoted as "cumulative advantage", driving both scientific productivity and recognition. 16 The studies on the subject primarily keep on the level of the individual scientist but also deal (mostly briefly) with the institutional side of cumulative advantage. Centres or universities of proven scientific excellence through this effect are allocated larger resources, such as research funding, and attract more talented researchers, in a cumulative fashion. Good scientists usually affiliate with institutions of historically proven excellence, which are more likely to have the resources necessary for high-end research. This leads to a higher quality on the institutional level, and associated higher research productivity in terms of publications. In its turn, more research resources as well as high-quality researchers are attracted.
This cumulative advantage would in the long run lead to a stratification of research institutions -a self-reinforcing cycle that would be hard for new small actors to break. When the resource allocation becomes more competitive in nature, this will likely concentrate the research resources more at the 'high-quality' universities and thus further increase the impact of the Matthew effect.
Another, quite close, explanation, also adhering to the logic behind the Matthew effect, can be discussed in terms of the fundamental difference in starting conditions for the HEIs in the two different groups. Strategic management discusses positioning and relative competencies, and this may be relevant in future research about the 'competitive advantage' of certain actors within a national university industry sector. In Sweden, most of the younger regional HEIs are quite new to the research game and so far have been unable to perform at the same level as 'incumbents', when it comes to research productivity (to some extent indicating quality), 'critical mass' in research subjects and the ability to attract external research funding. The older traditional universities have naturally had a longer time to build up recognition of research excellence, as well as financial and other research resources. This lead would naturally be additionally reinforced in the potential presence of 'cumulative advantages'. On the other hand, the HEIs in the 'Smaller Education Dependent' group in this respect have had less time to leave their mark, explaining their relatively lower ability to attract external research funding. This is despite dedicated funding to build competencies in the smaller regional HEIs. Our results show the aggregate figures, but ad hoc insights suggest that HEIs can build significant research competencies within niche areas. Research about strategic management, niches and development of competences are thus highly relevant to future studies of Sweden and other European countries.
From this perspective, one wonders about the future of specific organizations within the Swedish university sector. We believe that, the smaller regional HEIs will find it increasingly hard to keep up their present diversity in research. In light of an increased focus on research assessments in Sweden (as proposed in e.g. Brändström, 2007) , we suspect that several of these HEIs in due time will be forced to narrow down the numbers of research subjects, because of lacking quality and 'critical mass '. 17 Related to this, an interesting debate would be about specialisation in research for the smaller younger HEIs. We know from studies of firms and industries that division of labour lie at the heart of productive progress (Smith, 1812; Young, 1928) . Smith further states that the level of division of labour is dependent on the extent of the market, in that it is limited by the amount of products produced. This argument was later extended to the industry level by Young (1928) . He suggests that the extent of the market is in its turn dependent on the level of division of labour, in that the market is defined by the volume of production. In effect this means that the division of labour builds the foundation for further specialization, making productivity change progressive and cumulative. At the present, with a widened market with more organizations conducting research and more competitive resource allocation, why should this not apply also to the world of academic research? It is not farfetched to think that smaller younger HEIs that narrows their research focus and perhaps also try to occupy a research niche would more easily be able to accumulate talent, gain critical mass and increase reputation. Hence, by specialising their research smaller HEIs would be able to build up a competitive advantage.
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